Abstract. We study the exterior product CH 0 ðX Þ n CH 0 ðY Þ ! CH 0 ðX Â Y Þ on 0-cycles modulo rational equivalence. The main tools used are higher cycle-and AbelJacobi-classes developed in [L1] and [K2]. The theorem of [RS] (applied to 0-cycles) appears as a special case of our results.
Introduction
Since Jannsen's formal definition [J4] of a conjectural Bloch-Beilinson filtration on the Chow groups of smooth projective varieties, a number of candidates have been put forth in the algebraic geometry literature. Those of Murre [M] and S. Saito [sS] are purely geometric, given in terms of the action of correspondences on cycles. Raskind's approach [Ra] is arithmetic, pulling back a filtration on continuous étale cohomology (arising from the Hochschild-Serre spectral sequence) along Jannsen's cycle-class map. On the other hand, , Lewis [L1] and M. Saito [mS] favor a Hodge-theoretic approach, using the Deligne-class map to pull back a Leray filtration on cohomology to the Chow group; central here is the idea of spreading out a cycle.
Under reasonable conjectural assumptions, these filtrations not only all yield BlochBeilinson filtrations-they all coincide (e.g., see [K1] ). However, they are still quite useful in the absence of these assumptions, for instance in detecting (rational-equivalence classes of) cycles in the kernel of the Abel-Jacobi map. Exterior products of homologically trivial cycles, yield such cycles; and in this paper we turn our attention to the simplest case: products Z 1 Â Z 2 of degree-zero 0-cycles, considered on the product of the varieties on which they lie individually.
Torsion is excluded from our considerations: cycle (and thus Chow) groups are taken with rational coe‰cients; while Jacobians (such as the Albanese) are always of the rational sort, e.g. We now give a brief overview of the paper. Let Y 1 , Y 2 be smooth projective varieties of respective dimensions ðd 1 ¼Þ 1, d 2 ; and let hZ 2 i A CH hom 0 ðY 2 Þ be such that the Abel-Jacobi image AJðZ 2 Þ is nontorsion in the Jacobian J d 2 ðY 2 Þð¼ AlbðY 2 ÞÞ. By the result of Rosenschon-Saito [RS] one knows that if Y 1 , Y 2 , Z 2 are all defined over K L C (say, finitely generated =Q) but hZ 1 i A CH hom 0 À ðY 1 Þ C Á is not defined =K (i.e.,
, then hZ 1 Â Z 2 i is nonzero in CH 0 ðY 1 Â Y 2 Þ. The prototypical example is the 0-cycle ðP 1 À O 1 Þ Â ðP 2 À O 2 Þ on a product of curves C 1 , C 2 defined =Q, where P 1 A C 1 ðCÞ is very general while O 1 A C 1 ðQÞ, P 2 ; O 2 A C 2 ðQÞ and AJðP 2 À O 2 Þ is nontorsion.
Our Theorem 1 generalizes their result to d 1 > 1, replacing the above condition on Z 1 by (essentially) the requirement that its K-spread Z 1 A Z d 1 ðY 1 Â S 1 Þ induce a nontrivial map of holomorphic forms W j ðY 1 Þ ! W j ðS 1 Þ for some 1 e j e d 1 . Indeed, if d 1 ¼ 1 and Z 1 induces the zero map W 1 ðY 1 Þ ! W 1 ðS 1 Þ, then one can show that there exists a K-specialization of Z 1 having the same AJ class, hence (as d 1 ¼ 1 ) Y 1 is a curve) the same 1 rat -class-contradicting the [RS] condition on Z 1 . So for d 1 ¼ 1 the conditions are equivalent. The result leads to a generalization of the ''prototypical example'' above to products of several curves; this was our original aim.
Returning to the Bloch-Beilinson picture, the filtration of Lewis leads to the higher cycle-and Abel-Jacobi-classes cl i ðÁÞ and AJ i ðÁÞ of [K2] ; we describe how to compute these below. The point is that if we interpret Theorem 1 in terms of these invariants, it says (modulo GHC) that cl Here is a more precise statement of our main results: let Y 1 , Y 2 be smooth projective (of any dimensions d 1 , d 2 ) and defined =Q, and L denote Lewis's filtration on CH 0 .
with nontorsion Albanese class in AlbðY 2 Þ.
The two corollaries provide various extensions-to the case where j < trdegðK=QÞ, or where a second finitely generated field L takes the place of Q.
Here is a simple consequence of this theorem (from Example 2 below). If 
. This was previously known only for m ¼ 1 (by [RS] ).
If Theorem 1
0 represents an application of new invariants to an outstanding problem, the next theorem can be seen as a statement about the behavior of the invariants themselves under exterior product.
ðZ 2 Þ sf 3 0 and cl
Assume the GHC.
The proposition of §4 states what can be proved without the GHC, and has Theorem 1 0 as the special case corresponding to (ii) with j 2 ¼ 1.
In addition to these results there are several important lemmas which will be valuable in further applications (e.g. [K1] , sec. 7).
Some additional notational remarks are in order: when a cycle (or variety) is denoted by a script (nmathcal) letter Z, V, W, etc. (or a Roman letter), the corresponding gothic (nmathfrak) letter Z, V, W always indicates its Q-spread; a bar over the latter denotes a choice of complete Q-spread (see §2.3). We have also replaced the notation ½AJðZÞ tr i of [K1] , sec. 6.1, by ½AJðZÞ sf i . In this paper, a line over a (complex) cohomology class (or subspace of a cohomology group) always denotes complex conjugation.
This paper was written at the University of Chicago and MPIM-Bonn; we wish to thank both institutions for their hospitality. We also thank J. Lewis and the referee for comments which have led to improvements in the exposition.
Preliminaries
2.1. Hodge structures. A HS of weight m is a finite-dimensional Q-vector-space H ðQÞ with a filtration F on H C :¼ H n Q C such that
and note where N is the filtration by coniveau. The F i h do not behave so well under the Kü nneth decomposition: e.g.,
may be a proper inclusion. We will also need the following ''skew'' subHS: 
H is a Q-linear map which over C takes the form L H p; q ! ly p; q L 0 H p; q relative to a pair of bases subordinate to the resp. Hodge decompositions. Images and preimages of HS under such a morphism are HS.
We will use systematically the following notion of a ''relative dual pair'' of HS. This consists of: The inclusions (in (a)) induce (by the duality in (b)) projections pr H : 
i n QðÀdÞ (which together with (a) induce pr H , pr K ) such that the above compositions give the identity.
In this paper the pairings always come tacitly from Poincaré duality. Note that pr H , pr K have kernels H 0 1 , K 0 1 (resp.) which satisfy:
(This approach to complementary HS's gives us more control than using the semisimplicity coming from a polarization.)
If H is of weight 2n À 1, define the Jacobian J n ðHÞ :
H 1 Þ; we emphasize that since extension followed by restriction of functionals H 1 L H 0 ! ! H 1 is the identity, so is the induced composition on Jacobians. More generally a morphism y induces a map of Jacobians. We write J 2.2. The fundamental lemma. This is the main organizational tool for the proofs of Theorem 1 ( §3) and the proposition of §4. For clarity, we break it into the cases (i) and (ii) needed in the respective proofs of these main results, even though (i) is a special case of (ii) (put G 0 ¼ f0g).
Lemma 1. Given the following 3 items:
with H 2 and K 2 denoting the respective projection-kernels:
, and x A JðH V Þ with lifting
Now assume also that one of the following is satisfied:
Then the projection of X to JðH 0 =G 0 Þ is nonzero.
Proof. From (a) and (b) one has the diagram
in which the square commutes and pr V i V is the identity. From (c), ðpr V pr 1 ÞðXÞ ¼ x and ðpr 2 pr 1 ÞðXÞ ¼ 0; hence pr 1 ðXÞ ¼ i V ðxÞ.
3. Points and spreads. Given S=Q smooth projective, choose any a‰ne Zariski open subset S=Q. The embedding Q½S ,! QðSÞ G QðSÞ then produces a generic point p g on S via the composition Spec QðSÞ ! Spec Q½S G S ,! S. For purposes of taking cohomology, we use the approximation
Note that Given any embedding ev : QðSÞ ,! C which restricts to the identity on Q, define a geometric point p A SðCÞ of maximal transcendence degree (¼ dimðSÞ) over Q by
Since p lies in the complement of the countably many divisors D L S defined =Q, we may think of it as a geometric (closed, zero-dimensional) point of h C S ; such a point is called very general.
The compositum of two fields K 1 ; K 2 L C is the smallest subfield of C containing both K 1 and K 2 ; if K 1 ; K 2 M Q then this may be written QðK 1 ; K 2 Þ. To define the Q-spread of an algebraic cycle we need part (a) of the following:
Lemma 2. (a) Let K L C be a finitely generated extension of Q. Then bS=Q smooth projective and a very general point p A SðCÞ such that ev p : QðSÞ ! G K.
. Since R is a division ring, I is prime and S irreducible, Finally, takeS S to be a desingularization of S, and S to be a good compactification ofS S; one has QðSÞ G QðS SÞ G QðSÞ.
for fpg, fsg transcendence bases for K 1 , K 2 =Q. Evaluation at p gives a map
If QðS 1 Â S 2 Þ½G QðS 1 Â S 2 Þ is not G to the fraction field of imðfÞ, then f kills some f E 0 ðmod I Þ. Since I is prime, Nullstellensatz ) IðS 1 Â S 2 Þ ¼ I , hence f does not vanish on S 1 Â S 2 and f ¼ 0 cuts out a subvariety D=Q of codim: f 1 in which p must sit. Since the relative dimension of pr :
By Lemma 2(a) one has ev p : QðSÞ ! G K, and we define
Clearing denominators from the equations cutting out the components of Z g yields a cycle
(Such a ''complete spread'' is not well-defined modulo 1 rat .) One also has the obvious restriction
We can write this as a map
2.4. Higher cycle-and Abel-Jacobi classes. In order to define our invariants we need Deligne cohomology and the Deligne cycle-class (roughly an amalgamation of fundamental class and Abel-Jacobi class), for which the reader may consult [K1] , § §2.4, 3.1. An expanded treatment of the Lewis filtration may be found in [K1] , sec. 4.2, [K2] , and of course [L1] . In this subsection (up to Lemma 3) we merely review those points which are required in the remainder of the paper.
To take the Deligne class of the r.h.s. of (1) we use the well-defined ''composition'' c: [L1] ). Write C K=Q :¼ c ð1Þ.
QðpÞ Á as cohomology of a complex of triples of global chains and currents, which can then be filtered by degree along S. Actually Lewis works in a more general situation; an explicit description of L for our purposes here may be found in [K2] , §10 (see eqn. (10.6)¤.). With this L granted, taking c-preimages then automatically gives a decreasing filtration L on both groups of (1).
In the notation of [K2] , one has exact sequences
with the identifications in (3) and (4) below. (This is proved in [L1] and also follows from eqn. (10.4) and its proof in [K2] 
ðZÞ) in the middle term, ½Z i in the r.h. term, and (if ½Z i ¼ 0) ½AJðZÞ iÀ1 on the left. One has
where ''num'' means ''numerator''. In (4), the second projection is valid by the remarks on SF in §2.1 for i f 2, and trivially for i ¼ 1; while the first projection is worked out in [K2] , sec. 12. (Note that the Ext
The successive projected images of ½AJðZÞ iÀ1 are written ½AJðZÞ tr iÀ1 and ½AJðZÞ sf iÀ1 .
Let Z be a (choice of) complete spread. To compute ½Z i one takes the image of the Kü nneth component ½Z i A H i ðSÞ n H 2pÀi ðX Þ in the r.h. term of (3). If the full fundamental class ½Z ¼ 0 in H 2p ðX Â SÞ, then one may compute ½AJðZÞ iÀ1 and its images by pro-
The original filtration of Lewis [L1] is (for X defined over Q as considered here) obtained by taking a limit : We will use the following two lemmas in the proofs of Corollary 1 and Theorem 2. In the first one (writing d ¼ dim X ) we take p ¼ d, which corresponds to the case where Z is a 0-cycle. 
Proof. (a) Arguing for c ¼ 1, let S LS S be a smooth Q-hyperplane section and choose resp. codim. We emphasize that the passage fromZ Z 7 !Z Z 7 ! Z 7 ! Z is not a welldefined map of cycles (onlyZ Z 7 ! Z is). However, (b) says that at least certain invariants of Z will only depend on those ofZ Z, and not on the choice of liftingZ Z 7 !Z Z.
(ii) GivenZ Z with (complete) spreadZ Z, Z should be viewed as a spread of a ''specialization'' Z ofZ Z (defined over a field of lesser transcendence degree =Q). Namely, if p A SðCÞ is very general (hence somewhat less than very general inS SðCÞ), take Z to be the restriction of Z along X Â fpg ,! X Â S. [Note that this is di¤erent (less delicate) than the kind of specialization considered in [GGP] , [mS] .] 2.5. Change of spread field. We now make a slight extension to the case where X is not defined =Q, to be used in Corollary 2 (and, to a lesser extent, Example 3).
Suppose we have L L KðL CÞ both f.g. =Q, with trdegðK=LÞ ¼: t f 1. Then bS=Q with s A SðCÞ such that ev s : QðSÞ ! G K, and M=Q with a morphism r : S ! M such that ev rðsÞ : QðMÞ ! G L.
Remark 2. If S, M come from Lemma 2(a), r is a priori a rational map, restricting to a morphism only on U L S Zariski open. Take the closure in S Â M of graphðrj U Þ L U Â M L S Â M and let S 0 be a desingularization of the result. Then one has obvious morphisms S 0 ! ! S and S 0 ! M, and the first is a birational equivalence ðQðS 0 Þ G QðSÞ); so just take ''S'' in the above to be S 0 . 
Now write m ¼ rðsÞ
we write
op.] and note that this is formally the restriction to T of ðh S Þ L .
By functoriality of the Deligne class we get a commuting diagram
where the two G's are (resp.) Q-and L-spread maps. Writing C K=Q and C K=L for the top and bottom compositions, the Leray filtrations on 
The former extends the C
K=Q i
defined [for the case X ¼ X Â h S ] in §2.4 above, but is di‰-cult to compute; the latter is easy to compute with (2), (3), (4), and
. We state what we will use: ðZÞ ''split'' as before into ½Z i and ½AJðZÞ iÀ1 , resp. ½Z T i and ½AJðZ T Þ iÀ1 , with e.g. ½Z i A Hom MHS À QðÀpÞ; H i ðh S ; R 2pÀi p Ã QÞ Á being sent to ½Z T i by i Ã .
2.6. Exterior products of cycles respect the filtration. In the more general context where X may not be defined =Q, and for cycles of any codimension, it is proved in
under the intersection product. Moreover, pushforwards and pullbacks preserve L . This leads immediately to the following.
Proof.
Z 2 Þ and we use the 2 properties of L just mentioned. r Remark 4. We emphasize that the Y i need not be defined =Q, and that K 1 , K 2 need not be ''algebraically independent'' in the sense of Lemma 1(b); they could even be the same field (so that
General D special
In this section we present various results and examples which are all variations on the following theme: that the product of a 0-cycle which is ''general'' in some appropriate sense by a ''special'' 0-cycle with nontrivial Albanese image, is not rationally equivalent to zero. Theorem 1. Consider Y 1 and Y 2 smooth projective varieties =Q with resp. dimensions
Proof. The fundamental class ½V has j th Kü nneth component Our hypothesis on V implies at least that one n l , say n 1 , is nonzero.
Already Z 1 hom 0 with bounding chain
of real dimension 2j þ 1. (Here q À1 W is a real 1-chain bounding on W which is fixed for the remainder of the proof.)
n H j ðY 1 Þ be any rational type ð j; jÞ-class dual to ½V j ; that is, under [the restriction of ] the Poincaré duality pairing
n H j ðY 1 Þ the subHS annihilated by ½V j . Consider the following relative dual pairs of HS's:
and
(The H's are of weight 2d À 1, the K's of weight 2j þ 1; so here d, d þ j replace the n, d (resp.) of § §2.1-2.) If we takẽ
Now recall the notation b 0 : JðH 0 Þ ! ! JðH 0 =G 0 Þ from Lemma 1. Let
We must check that the image of G 0 under the Kü nneth projection f pr 1 pr 1 :
Since y :
It follows that f 
Now by Lemma 1(i) we are done (i.e., b 0 ðXÞ 3 0) if we can show that Next let n, f, ½V j n G be arbitrary elements of N C , F C , and H C V (G A H 2d 2 À1 ðY 2 ; CÞ arbitrary), and suppose n þ f ¼ ½V j n G in H C
. In order to prove H
CÞ n H 2d 2 À1 ðY 2 ; CÞ. That is, n 1 n G and n 1 n G must belong to (a subspace of)
Since n 1 is nonzero of pure type ðd 1 À j; d 1 Þ, G belongs to
(bracketed terms ¼ 0); but since n 1 is of type ðd 1 ; d 1 À jÞ, G is in 
is of course i Ã . Suppose ½D S A H j ðS Â SÞ has algebraic Kü nneth components D S ði; 2j À iÞ A Z j À ðS Â SÞ Q Á with ½D S i ¼ ½D S ði; 2j À iÞ, as is the case if S is a curve, surface, abelian variety, smooth complete intersection (in P N ), or arbitrary product of these. Then hD S ð j; jÞ Ã p 0 i A L j CH 0 ðS C Þ, and L is preserved under i Ã (see [L1] ); hence the class of V :
From the hypothesis on i it follows that V Ã : W j ðY 1 Þ ! W j ðSÞ is nonzero; so V has the desired properties. Here are two concrete instances:
Example 2. Let X ¼ C 1 Â Á Á Á Â C n be a product of curves defined =Q each of genus f 1. On each C i let W i be a divisor defined =Q with AJðW i Þ 3 0 in J 1 ðC i Þ, p i A C i ðCÞ be very general, o i A C i ðQÞ. Assume fp 1 ; . . . ; p n g ''algebraically independent'' in the sense that p 1 Â Á Á Á Â p n A X ðCÞ is very general (not defined over a field of trdeg < n). Then for each j f 1, take
One obtains from the above construction
with the properties assumed in the theorem. Hence
3 0, and so Z E rat 0.
In [K1] , this example is tied to Bloch's results ([B1] ) for 0-cycles on Abelian varieties (which are dominated by these products of curves). One also gets applications to CalabiYau 3-folds.
Here is a slight generalization of Theorem 1 that gives some initial evidence that our invariants are well-behaved under products.
Proof. We haveK K finitely generated =Q andS S (defined =Q), such thatṼ V=K K and QðS SÞ GK K. By definition of cl In the theorem and corollary Y 1 , Y 2 , W are defined =Q, and we would like to have a more flexible statement. One idea is to allow Y 1 (like V) to be defined =K, in such a way that the generalized ½V j of Remark 3 is still 3 0. However this turns out to be too optimistic as we now show.
and choose q l A X À1 l ðeÞ (with e fixed) continuously in l A C, which requires lifting to a double coverẼ E !M M of the family.
Þ defined by nðlÞ :¼ AJ E l ðZ l Þ. One easily sees this is nontrivial (since if we did not work nQ, it is 2-torsion at l ¼ e but not elsewhere); arguing by monodromy, its
Þ must be nonzero.
According to Remark 3, the generalized C K=Q 1 ðZ l 1 Þ invariant maps to a generalized ½Z 1 1 A Hom MHS À QðÀ1Þ; H 1 ðhM M ; R 1 p Ã QÞ Á which itself maps (injectively) to the infinitesimal invariant, hence ½Z 1 1 3 0. So in the notation of Theorem 1, Z l 1 plays the role of V (in a generalized sense), and Z l 2 (defined =Q, with nontrivial AJ image) that of W.
rat 0 (modulo 2-torsion if we did not work nQ). This is because ðq l 1 ; q l 2 Þ is a (very general) point on the image of the bielliptic curve
Writing s for ðÀidÞ on each E i , s Â s induces the hyperelliptic involution on B; hence an explicit function on B gives
One now easily shows
Here, then, is the appropriate generalization. Proof. By the proof of Theorem 1, we have
by Lemma 6; hence by Lemma 5, C K=Q jþ1 ðZÞ 3 0. r Remark 5. We expect no better, in the sense that there are situations where ½Z T jþ1 ¼ 0, ½AJðZ T Þ j 3 0 for the partial spread but ½Z jþ1 3 0 for the Q-spread. (See [K1] , sec. 7.1.)
General D general
As far as taking products of cycles that both spread is concerned, the easiest case is where each has a nontrivial higher cycle-class. Let
ðV i Þ 3 0, then with ''reasonable'' assumptions we can expect cl
by Lemma 6). Namely, we need a hypothesis that guarantees the spread of V 1 Â V 2 to be just
'independence'' of K 1 and K 2 in the sense of Lemma 2(b) is su‰cient. Applying the GHC and Lemma 3 in each factor, each V i induces a nonzero map
If we make no assumption on K 1 and K 2 then there are problems:
where p A EðCÞ is very general and o is a Q-point. Then ½V 1 1 3 0, ½V 2 1 3 0 but V 1 Â V 2 ¼ ðp; pÞ À ðo; pÞ À ðp; oÞ þ ðo; oÞ is the diagonal cycle; this is 1 rat 0 (mod 2-torsion if we did not work n Q).
Remark 6. Should one want to generalize to Y 1 , Y 2 not defined =Q, the above assumptions-nontriviality of cl j i Y i ðV i Þ ði ¼ 1; 2Þ and ''independence'' of the fields of definition of V 1 and V 2 (namely, K 1 and K 2 ) over Q-are insu‰cient to guarantee cl
For a counterexample (in case j 1 ¼ j 2 ¼ 1) one can simply take l 1 and l 2 both general (and algebraically independent over Q) in Example 3. However, if one takes K 1 and K 2 independent over the common field of defintion of Y 1 and Y 2 (say, L), then an analogous result obviously holds for the higher cl-type invariants arising from the partial L-spreads of V 1 , V 2 , and V 1 Â V 2 .
Now suppose (with
; i.e. each cycle has nontrivial higher AJ-class. The situation looks more grim here for nontriviality of the exterior product, even if we assume K 1 and K 2 independent. It will never be the case that ½AJðV 1 Â V 2 Þ j 1 þj 2 À2 3 0, because hV 1 Â V 2 i A L j 1 þj 2 by Lemma 6. In fact, if we started with trdegðK i Þ ¼ j i À 1 ði ¼ 1; 2Þ then all the higher cycle-and AJ-classes of V 1 Â V 2 are zero; if an extension of the BlochBeilinson conjecture holds (see [K2] or [L1] ) then this ) 1 rat 0.
The interesting problem is the asymmetric one: V 1 with nontrivial higher cl, V 2 with higher AJ-class 3 0. Referring to Example 2, if we take
, then of course the product cycle is nontrivial. More generally, one expects any Z from Theorem 1 to work as V 2 .
Here is the strongest general result we could prove; note V, W replace V 1 , V 2 . Naturally we would have preferred to assume only (say) AJ j 2 Y 2 ðW WÞ tr 3 0; see Remark 7(iii) for a conditional improvement along these lines.
ðW WÞ sf 3 0 and cl
ðW WÞ ¼ 0. AssumeṼ V,W W have resp. models over fields K 1 ; K 2 L C f.g. =Q with trdegs. t 1 , t 2 , such that QðK 1 ; K 2 Þ has trdeg. t 1 þ t 2 . Assume the GHC.
Ài ðY 2 Þ and by Deligne [D] , Cor. 8.2.8, there exist irreducible codim.-1 Q-subvarieties S a onS S 2 such that
Hence ½W W is a sum of Gysin images of classes in
By the HC, these are given by cycles; thus one may modifyW W (without a¤ectingW W) so that ½W W ¼ 0.
By Lemma 2(b), the (complete) spread ofṼ V ÂW W is just the product of spreads, V V ÂW W. Now we specialize in both factors as in Lemma 4 and Remark 1, obtaining (with HC) V and W exactly as in the hypotheses of the proposition below. (We also have to use GHCð1; j 1 ; S 1 Þ to get from ½V j 1 3 0 to the map of holomorphic forms.) According to the Proposition, ½AJðV Â WÞ tr j 1 þj 2 3 0; and ½AJðṼ V ÂW WÞ tr j 1 þj 2 maps to this under the specialization. (That this map is well-defined simply follows from well-definedness of
So the proof has been reduced to this statement, which is what we could prove without assuming GHC. Proof of Proposition. Clearly the first paragraph of the proof of Theorem 1 applies (replacing S, j by S 1 , j 1 ). Define ½V j , ½V 4 j , annð½V j Þ as before.
We begin with the HS (omitting the obvious dual K's) (ii) It is easy to show (by sharpening slightly the argument in the proof of Theorem 1) that the cycles Z with nontrivial ½AJðZÞ tr j produced by Theorem 1 actually have nontrivial ½AJðZÞ sf j , hence would make a suitable choice of W for the above proposition. (If this were not the case, one would expect a stronger proposition to be true!) (iii) Assume the GHC. Then in the statement of the above proposition, we may relax the requirement on W to ½AJðWÞ tr j 2 3 0 provided
